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[Title of Document] SPECIFICATION 

[Title of the Invention] FALSE-TWIST YARN COMPRISING 
POLYLACTIC ACID AND PROCESS FOR PRODUCING THEREOF 

[Claims ] 

[Claim 1] A false-twist yarn mainly comprising 
polylactic acid having a monomer content of 0.5% by weight 
or less. 

[Claim 2] A false-twist yarn according to claim 1 
comprising polylactic acid containing 95% or more of L- 
isomer . 

[Claim 3] A false-twist yarn according to any one of 
claims 1 and 2 comprising linear polylactic acid. 

[Claim 4] A false- twist yarn according to any one of 
claim 1 to 3* comprising polylactic acid having a relative 
viscosity of 2.7 to 3.9. 

[Claim 5] A false-twist yarn according to any one of 
claim 1 to 4 comprising polylactic acid having an Sn (tin) 
content of 30 ppm or less. 

[Claim 6] A false- twist yarn according to any one of 
Claim 1 to 5 comprising polylactic acid having a tensile 
strength of 2.8 g/d or more. 

[Claim 7] A false-twist yarn according to any one of 
Claim 1 to 6 comprising polylactic acid having an 
elongation/recovery ratio of 10% or more. 

[Claim 8] A process for producing a false-twist yarn for 
producing the false-twist yarn from a fiber mainly 
comprising polylactic acid according to any one of claim 
1 to 5 using a false-twist machine having a cross-belt or 
pin type twist-rotor. 

[Detailed Description of the Invention] 
[0001] 
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[ Technical Field of the Invention ] 

The present invention relates to a false-twist yarn 
mainly comprising polylactic acid, and a process for 
producing false- twist yarn . 

[0002] 

[Prior Art] 

Fiber materials that are widely used today include 
polyesters represented by polyethylene terephthalate and 
polyamides represented by nylon 6 and nylon 66. 

While synthetic resins have an advantage that mass 
production is possible with cheap manufacturing cost, they 
involves a problem in their disposal. The fiber made of the 
synthetic resin is hardly decomposed in the natural 
environment, and generates high heat of combustion upon 
incineration . 

Under these backgrounds, use of polycaprolactone and 
polylactic acid as biodegradable synthetic resins for the 
fiber has been proposed. While it is true that these 
synthetic resins have excellent biodegradability , they 
involve many other problems of low practical applicability 
as compared with conventional non-biodegradable synthetic 
resins . 
[0003] 

For example, a long term operation is difficult for 
the false-twist yarn made of the synthetic resins described 
above due to high incidence of yarn breakage during 
processing, in addition to low tensile strength and 
elongation/contraction ratio to render the false-twist yarn 
quite poor in crimp characteristics. It is also a problem 
that high quality cloths cannot be constantly supplied 
because of high incidence of yarn breakage and fluff in 
post-processing such as weave and knit processing, 
f 0004] 
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[Problems to be Solved by the Invention] 

The inventors of the present invention have invented 
a false-twist yarn having good work efficiency and excellent 
properties by using polylactic acid with specified 
properties by intensively examining the properties of 
polylactic acid as a raw material of the false- twist yarn. 
The object of the present invention is to provide a 
practically applicable false- twist yarn comprising 
polylactic acid with excellent work efficiency, and a method 
for manufacturing the false-twist yarn. The false-twist 
yarn according to the present invention is possible to be 
subject to a false-twist processing without arising yarn 
breakage and filaments, good quality textiles can be 
obtained from the false-twist yarn, and properties of 
false-twist yarn such as the tensile strength and 
elongation /contract ion ratio are comparable to the 
properties of polyester false-twist yarn. 

[0005] 

[Means for Solving the Problems ] 

The present invention for attaining the foregoing 
objects provides a false-twist yarn mainly comprising 
polylactic acid having a monomer content of 0.5% by weight 
or less, a false-twist yarn comprising polylactic acid 
containing 95% or more of L-isomer, a false-twist yarn 
comprising linear polylactic acid, a false- twist yarn 
according comprising polylactic acid having a relative 
viscosity of 2.7 to 3.9, and a false-twist yarn comprising 
polylactic acid having an Sn (tin) content of 30 ppm or less. 

[0006] 

The present invention also provides a false-twist 
yarn comprising polylactic acid having a tensile strength 
of 2.8 g/d or more. 
[0007] 
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The present invention for solving the foregoing 
objects provides a process for producing a false-twist yarn 
for producing the false-twist yarn from a fiber mainly 
comprising polylactic acid described above using a 
false-twist machine having a cross-belt or pin type twist 
rotor . 

[0008] 

The present invention will be described in detail 
hereinafter. 

It is necessary for polylactic acid according to the 
present invention to have a monomer content of 0 . 5% by weight 
or less . The monomer as used in the present invention refers 
to as a component having a molecular weight of 1,000 or less 
calculated by GPC analysis. The filament is liable to be 
fragile and the tensile strength is remarkably lowered by 
suffering from extreme stress on the twist rotor, when the 
monomer content exceeds 0.5% by weight. False-twist work 
efficiency becomes unstable with high incidence of yarn 
breakage during processing by the same reason as described 
above . 

[0009] 

For excluding unreacted monomers in polylactic acid, 
the reaction vessel is usually evacuated immediately before 
completing the polymerization reaction. Otherwise, 
polymerized chips are washed with an appropriate solvent, 
or a solid-state polymerization is used. 
[0010] 

Raw materials of polylactic acid to be used in the 
present invention include naturally occurring L-lactic acid 
and D-lactic acid as an optical isomer thereof, LL-lactide 
and DD-lactide as dimers thereof , and LD-meso-lactide . The 
ratio of L-isomer content is preferably 95% or more, more 
preferably 98% or more. 
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[0011] 

The tensile strength of the false-twist yarn is seldom 
decreased by heat-setting at a relatively high temperature, 
since the false-twist yarn has a high heat resistance when 
polylactic acid has a ratio of L-isomer content of 95% or 
more. The elongation/contraction ratio becomes 
sufficiently high by enabling sufficient heat-setting to 
be applied, thereby making it possible to obtain a 
false-twist yarn having excellent crimp characteristics. 
[0012] 

Polylactic acid according to the present invention 
preferably has a linear structure, that is, no branched 
structure. A small amount of branching agent has been added 
during polymerization of polylactic acid in order to improve 
melt viscosity and degree of polymerization in the former 
proposal. However, it was confirmed by the inventors of the 
present invention that the branched structure has a far more 
negative effect on the properties of the false-twist yarn 
and spinning work efficiency in the case of polylactic acid 
as compared with conventional polyester yarns. In other 
words, multifilaments comprising polylactic acid having no 
branched structure shows low incidence of break of yarn 
during the false-twist process, and the false- twist yarn 
obtained from the filament has an advantage that a higher 
tensile strength is obtained as compared with the 
false-twist yarn comprising polylactic acid having branched 
structures . 
[0013] 

In order to obtain polylactic acid having no branched 
structure and linear structure, it is recommended that 
chemicals that causes branched structures in the polymer 
material, for example trivalent or tetravalent alcohol and 
carboxylic acids are not used at all. When these chemicals 



6 



are forced to use for some other reasons, the amount of use 
should be restricted within a minimum essential range so 
that spinning work efficiency is not adversely affected. 
[0014] 

Polylactic acid according to the present invention 
preferably has a relative viscosity (rjrel) of 2.7 to 3.9, 
because the relative viscosity in the range of 2.7 to 3.9 
permits a more excellent false-twist yarn to be obtained, 
or incidence of yarn breakage decreases by suppressing 
decrease of the tensile strength to its minimum. 
[0015] 

Polylactic acid according to the present invention 
preferably has an Sn (tin) content in the polymer of 30 ppm 
or less. While the Sn-based catalyst is used as a 
polymerization catalyst of polylactic acid, decrease of the 
tensile strength is suppressed to its minimum when the Sn 
content is 30 ppm or less, thereby decreasing the incidence 
of yarn breakage during the false- twist step. 
[0016] 

While other polylactic acid having no such properties 
as described above or resins other than polylactic acid may 
be used for the starting filament of the false-twist yarn 
to be used in the present invention, the raw material is 
preferably a biodegradable resin such as aliphatic 
polyester for producing a biodegradable false- twist yarn. 
[0017] 

The false-twist yarn according to the present 
invention preferably has a tensile strength of 2 . 8 g/d or 
more, because incidence of yarn breakage decreases and a 
small amount of fluff appear in post-processing such as 
weaving and knitting when the false-twist yarn has a tensile 
strength of 2.8 g/d or more. 
[0018] 
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The false-twist yarn according to the present 
invention preferably has a contraction ratio in boiling 
water of 5% or more from the point of view of prevention 
of wrinkles. Textile products produced from the false- 
twist yarn becomes wrinkle - free in the dyeing process of 
the cloth when the false-twist yarn has a contraction ratio 
in boiling water of 5% or more. 
[0019] 

The contraction ratio in boiling water is preferably 
15% or less when the tensile strength is emphasized. A 
contraction ratio in boiling water of 15% or less prevents 
the size and mass per unit area of the cloth from becoming 
to be largely out of specification by maintaining a proper 
tensile strength and tear strength of the cloth. 
[0020] 

The contraction ratio in boiling water is preferably 
5 to 15% when both wrinkle preventive property and tensile 
strength is desired to be satisfied. 
[0021] 

The false-twist yarn according to the present 
invention preferably has an elongation/recovery ratio of 
10% or more. A elongation/recovery ratio of 10% or more 
gives the cloth flexibility to enable the use of the cloth 
to extend to the application field requiring stretching 
properties, while enabling a cloth to have a fluffy feeling 
due to crimp characteristics of the false- twist yarn. 
[0022] 

Moreover, false-twist processing using a 
conventional false-twist machine is possible when the 
filament of the false-twist yarn is made of a fiber 
comprising polylactic acid as described above. However, 
use of a cross-belt type false-twist machine having a twist 
rotor made of a rubber based material, and a cross-belt type 
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false-twist machine having a twist rotor made of a metal 
is preferable, and the cross-belt type machine is 
particularly preferable among them. 
[0023] 

The false-twist machine is specified as described 
above because the fiber comprising polylactic acid has an 
inherent drawback that the fiber comprising polylactic acid 
is a little fragile as compared with other synthetic fibers. 
Although the polylactic acid fiber is strong against the 
force applied in the longitudinal direction of the filament 
such as a tensile force, it is fragile and weak against the 
force applied in the vertical direction to the filament such 
as bending and snapping. 
[0024] 

Although the false-twist yarn according to the 
present invention may be obtained by using a disk type 
false- twist machine, the thread guide passageway in the 
twist rotor is bent and the filament to squeeze the filament 
so severely in the passageway that the tensile strength is 
markedly decreased. On the contrary, the pin- type 
false-twist machine is preferable because, although the 
thread guide passageway in the twist rotor is complicatedly 
bent, decrease of the tensile strength is suppressed to a 
minimum extent due to small frictional resistance of the 
pin. On the other hand, the cross belt type false- twist yarn 
is preferable, because the thread guide passage way in the 
twist rotor is linear, and few stress is imparted on the 
filament due to a small frictional resistance of the twist 
rotor made of rubber, substantially resulting in no decrease 
of the tensile strength. 
[0025] 

The temperature of the plate heater for heat-setting 
is preferably 110 to 150° C, more preferably 120 to 140° C. 
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Molecular orientation in polylactic acid is not disturbed 
and the tensile strength does not markedly decrease at a 
temperature of less than 150° C, since polylactic acid has 
a melting point of 170° C. The contraction/recovery ratio 
increases at a temperature of 110° C or more sue to sufficient 
heat-set of the fiber, thereby enabling the false-twist yarn 
being excellent in crimp characteristics to be obtained. 
[0026] 

[Effects of the Invention] 

False-twist processing of the polylactic acid fiber 
is possible with stable work efficiency by using polylactic 
acid having a monomer content of 0.5% by weight or less. 
Accordingly, the present invention can steadily supply a 
practically applicable false-twist yarn with few incidence 
of yarn breakage in post -processing such as wove and knit 
processing . 

[0027] 

[Example] 

The present invention will be described in detail 
hereinafter with reference to examples. The method for 
analyzing polymer properties will be described at first. 

[0028] 
(Monomer content) 

The sample was dissolved in chloroform in a 
concentration of 10 mg/mL, and the molecular weight was 
measured by the GPC analysis using polystyrene as a standard 
substance of the molecular weight. The monomer content was 
calculated from the proportion of the component having a 
molecular weight of 1,000 or less. 
[0029] 

(Relative viscosity Tjrel) 

The samples were dissolved in a mixed solvent of 
phenol/tetrachloroethane (60/40) in a concentration of 1 
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g/dL, and the relative viscosity was measured at 20° C using 
a Ubbelohde's viscometer. 

[0030] 
(Sn (tin) content) 

The sample ( 0 . 5g ) was decomposed by a wet -ashing using 
sulfuric acid/nitric acid. The decomposed sample was 
diluted with water to give a 50 mL sample solution, and the 
Sn content was measured using an ICP emission 
spectrophotometry . 

[0031 ] 
( Tensile strength) 

The sample with a length of 50 cm was pulled at a speed 
of 50 cm/min using an Instron type tensile strength tester 
under an initial load of l/10g, and the tensile strength 
was calculated from the ultimate tensile strength by the 
following equation : 

Tensile strength (g/d) = ultimate tensile strength/ 
linear density of the fiber 

[0032] 

(Ultimate elongation percentage) 

The sample with a length of 50 cm was pulled at a speed 
of 50 cm/min using an Instron type tensile strength tester 
under an initial load of l/10g, and the ultimate elongation 
percentage was calculated by measuring the chuck distance 
(L) at the ultimate tensile strength using the following 
equation : 

Ultimate elongation (%) = (L-50)/50 x 100 
[0033] 

(Contraction ratio in boiling water) 

A load was applied to the sample by hanging l/10g of 
an initial weight using a round scale with a frame 
circumference of 100 cm. A sub-reel with a reel number of 
ten was manufactured, and the sample was immersed in water 



11 



at room temperature by loading a weight 1/10 x 20g per denier 
to measure the length of the sample eight minutes after 
immersion. The sample was then taken out of water, folded 
twice as a figure of eight and immersed in boiling water 
for 80 minutes. The sample was again loaded with a weight 
of 1/10 x 20g per denier in water (room temperature) to 
measure the length eight minutes after immersion. The 
contraction ratio in boiling water was calculated by the 
following equation : 

Contraction ratio (%) = [(initial sample length - sample 
length after contraction )/( initial sample length)] x 100 

[0034] 

( Elongation /contract ion recovery ratio ) 

An initial load of l/10g per denier was applied to 
the sample. A sub-reel with a reel length of 40 cm and reel 
number of ten was manufactured, and the sample was immersed 
in water at 20 ± 2° C by loading a weight 1/10 x 20g per denier 
to measure the length (a) of the reel three minutes after 
immersion. After removing the load and allowing the reel 
to stand for 2 minutes, the reel length (b) was measured 
again, and the elongation/contraction ratio was calculated 
from the following equation: 

Recovery ratio (%) = (a - b)/a x 100 

[0035] 

(Work efficiency of false-twist) 

The work efficiency of false-twist was totally 
evaluated by the following four step criteria of ® to x: 
© : Incidence of yarn breakage is once or less a day among 
48 spindles; 

: Incidence of yarn breakage is 2 to 5 times a day among 
48 spindles; 

A: Incidence of yarn breakage is 6 to 15 times a day 
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among 48 spindles; and 

x: Incidence of yarn breakage is 16 times or more a day 
among 48 spindles. 
(Weave work efficiency) 

The weave work efficiency of the false-twist yarn 
using WJL was totally evaluated by the following four step 
criteria of ® to x: 

©: Incidence of yarn breakage is zero time a day; 
: Incidence of yarn breakage is 1 to 2 times a day; 

A: Incidence of yarn breakage is 3 to 9 times a day; 

x: Incidence of yarn breakage is 10 times or more a day. 

[0037] 
(Feeling of textile) 

Feeling of textile was totally evaluated by the 
following four step criteria : 

®: Approximately the same level of fluffy feeling as 
textiles using regular polyester yarns; 

: A slightly inferior fluffy feeling to textiles using 
regular polyester yarns; 

A: A slightly improved fluffy feeling as compared with 
textiles using original filaments; and 

x: No fluffy feeling at all. 

[0038] 
(Example 1) 

A false-twist yarn with a tensile strength of 3 . 6 g/d 
and expansion/contract recovery ratio of 16.4% was obtained 
from the polylactic acid yarns having the composition shown 
in Table 1 by heat-setting at 130° C using a false- twisting 
machine 33H-MACH CRIMPER (manufactured by Murata Machinery, 
Ltd. ) having a cross-belt type twist rotor. Work efficiency 
of the yarn was favorable, and no yarn breakage was observed 
after processing 1 ton or more of fibers. When a textile 
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was woven with a water- jet weave machine using this 
false- twist warn as a warp, fabrics having sufficient fluffy 
feeling can be manufactured with substantially no yarn 
breakage . 

[0039] 
(Example 2) 

A false- twist yarn with a tensile strength of 3.3 g/d 
and expansion/contract recovery ratio of 14.8% was obtained 
from the polylactic acid yarns having the composition shown 
in Table 1 by heat-setting at 130° C using a false- twisting 
machine ST-5 (Mitsubishi Heavy Industries., Ltd) having a 
pin- type twist rotor. Work efficiency of the yarn was 
favorable, and no yarn breakage was observed after 
processing 1 ton of fibers. When a textile was woven with 
a water-jet weave machine using this false-twist warn as 
a warp, fabrics having sufficient fluffy feeling can be 
manufactured with substantially no yarn breakage. 
[0040] 

(Comparative Example 1) 

A false-twist yarn with a tensile strength of 2 . 1 g/d 
and expansion/contract recovery ratio of 13.3% was obtained 
from the polylactic acid yarns containing a large quantity 
of monomers using a false- twisting machine 33H-MACH CRIMPER 
(manufactured by Murata Machinery Ltd) having a cross-belt 
type twist rotor. The tensile strength was low and work 
efficiency of the yarn was considerably poor with high 
incidence of yarn breakage. Yarn breakage was also often 
occurred when a textile was woven with a water-jet weave 
machine using this false-twist warn as a warp. 

[0041] 
(Example 3) 

A false-twist yarn with a tensile strength of 1 . 4 g/d 
and expansion/contract recovery ratio of 6.7% was obtained 
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from the polylactic acid yarns containing a small amount 
of L-isomer as shown in Table 1 using a false- twisting 
machine used in Comparative Example 1 . Although work 
efficiency was a little poor with a slightly higher 
contraction ratio in boiling water, incidence of break of 
yarn was low when a textile was woven with a water- jet weave 
machine using this false- twist warn as a warp. 

[0042] 
(Example 4) 

A false-twist yarn with a tensile strength of 2.5 g/d 
and expansion/contract recovery ratio of 13.1% was obtained 
from a fiber comprising polylactic acid containing branched 
structure as shown in Table 1 using a false- twisting machine 
used in Example 1. Although work efficiency was a little 
poor with a slightly high incidence of yarn breakage due 
to a smaller tensile strength than the fiber in Example 1 
having no branched structures, the elongation/contraction 
ratio was as high as 10%. Clothes having a fluffy feeling 
could be manufactured with low incidence of yarn breakage 
when a textile was woven with a water- jet weave machine using 
this false-twist warn as a warp. 

[0043] 
(Example 5) 

A false-twist yarn with a tensile strength of 1 . 8 g/d 
and expansion/contract recovery ratio of 14.5% was obtained 
from a fiber comprising polylactic acid with a low relative 
viscosity as shown in Table 1 using a false- twisting machine 
used in Example 1. Although work efficiency was a little 
poor with a slightly high incidence of yarn breakage due 
to a smaller tensile strength than the fiber in Example 1 
having a favorable relative viscosity, the contraction 
ratio in boiling water was low and elongation/contraction 
recovery ratio was high. Clothes having a fluffy feeling 
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could be manufactured with low incidence of yarn breakage 
when a textile was woven with a water- jet weave machine using 
this false- twist warn as a warp. 

[0044] 
(Example 6) 

A false-twist yarn with a tensile strength of 2 . 6 g/d 
and expansion/contract recovery ratio of 13.3% was obtained 
from a fiber comprising polylactic acid with a high relative 
viscosity as shown in Table 1 using a false- twisting machine 
used in Comparative example 1 . Although work efficiency was 
a little poor with a slightly high incidence of yarn breakage 
due to a smaller tensile strength than the fiber in Example 
1 having a favorable relative viscosity, the contraction 
ratio in boiling water was low and elongation/contraction 
recovery ratio was high. Clothes having a fluffy feeling 
could be manufactured with low incidence of yarn breakage 
when a textile was woven with a water- jet weave machine using 
this false- twist warn as a warp. 

[0045] 
(Example 7) 

A false-twist yarn with a tensile strength of 1 . 5 g/d 
and expansion/contract recovery ratio of 12 . 8% was obtained 
from a fiber comprising polylactic acid with a high Sn 
content as shown in Table 1 using a false- twist ing machine 
used in Comparative example 1 . Although work efficiency was 
a little poor with a slightly high incidence of yarn breakage 
due to a smaller tensile strength than the fiber in Example 
1 having a small Sn content, the contraction ratio in boiling 
water was low and elongation/contraction recovery ratio was 
high. Clothes having a fluffy feeling could be manufactured 
with low incidence of yarn breakage when a textile was woven 
with a water-jet weave machine using this false-twist warn 
as a warp. 
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[0046] 
[Table 1] 





Example 
1 


Example 
2 


Compara 
tive 
Example 
1 


Example 
3 


Example 
4 


Example 
5 


Example 
6 


Examp 1 e 
7 


Sn content ppm 


16 


16 


18 


21 


19 


16 


15 


62 


Relative 
viscosity of 
polymer 
(nrel) 


3 . 05 


3.05 


2 .92 


3 . 05 


3.04 


2 .05 


4.02 


2.94 


Monomer 
content (% by 
weight ) 


0.24 


0 . 24 


1.02 


0.27 


0.26 


0 .25 


0 . 24 


0.24 


Branched 
structure 


None 


None 


None 


None 


Yes 


None 


None 


None 


L-lsomer (%) 


98.6 


98.6 


98.2 


92.6 


99.0 


97.6 


97 . 0 


95 . 5 


False- twist 
rotor 


Cross- 
belt 


Pin 


Cross- 
belt 


Cross- 
belt 


Cross- 
belt 


Cross- 
belt 


Cross- 
belt 


Cross- 
belt 


Temperature 
of plate 
heater ( - C) 


130 


130 


130 


130 


130 


130 


130 


130 


Tensile 

strength 

(g/d) 


3.6 


3 . 3 


2.1 


1.4 


2 . 5 


1.8 


2 . 6 


1.5 


Ultimate 

elongation 

(%) 


26.7 


27 . 2 


26.4 


22.2 


28 . 7 


24.2 


27 . 4 


25.0 


Elongation/co 
ntraction 
recovery 
ratio (%) 


16. 4 


14 . 8 


13 . 3 


6.7 


13 . 1 


14 . 5 


13 . 3 


12.8 


Contraction 
ratio in 
boiling water 
(%) 


10 . 8 


9 . 8 


10 . 3 


25 . 1 


10.4 


10. 1 


12 . 3 


11.6 


False-twist 
work 

efficiency 


o 


O 


X 


A 


A 


A 


A 


A 


Weave work 
efficiency 


o 


© 


X 


O 


O 


O 


O 


O 


Feeling of 
textile 


o 


© 


O 


A 


O 


O 


O 


O 
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[Title of Document] ABSTRACT 
[ Abstract ] 

[Purpose] To provide a practically applicable false- 
twist yarn comprising polylactic acid having physical 
properties such as the tensile strength and 
elongation/contraction recovery ratio comparative to those 
of polyester false- twist yarn, and a process for producing 
the false-twist yarns. 

[Means for Solution] The present invention provide a 
false-twist yarn mainly comprising polylactic acid with a 
monomer content of 0.5% by weight or less, and a method for 
manufacturing the false-twist yarn with a false-twist 
machine having a cross-belt or pin type false-twist rotor 
using a fiber comprising polylactic acid. 

[Selected Drawing] None 
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